Abstract
Introduction
The problems about discontinuous variables, including integer variables (such as number of gear teeth, the number of machine) and discrete variables (such as modulus of gear, the pitch of screw), are commonly used in optimization design [1, 2] . Optimum design is an efficient method to ensure the good performance of products, decrease the volume and weight, and lower the cost [3, 4, 5] . Nowadays, the optimum designing methods have broadly used in the engineering design [5, 6, 7] , but they are normal optimum methods and must be rounded after optimization, the solutions are local optimum [8, 9, 10] . Discrete variables optimization is very significant but also difficult in mathematics for programming and operational research [6, 11, 12] . Our predecessors had researched many classic numerical methods and obtained good conclusions of some problems [13, 14] . Evolutionary algorithm caused serious concern in the optimization fields, various evolutionary algorithms emerged in endlessly [15, 16] .
Swarm intelligence is a research branch that models the population of interacting agents or swarms that are able to self-organize [17, 18] . An ant colony, a flock of birds or an immune system is a typical example of a swarm system. Bees' swarming around their hive is another example of swarm intelligence. The Artificial Bee Colony algorithm is an optimization algorithm based on the intelligent behavior of honey bee swarm. Colonies of social insects such as ants and bees have instinct ability known as swarm intelligence [7, 8] . This highly organized behavior enables the colonies of insects to solve problems beyond capability of individual members by functioning collectively and interacting primitively amongst members of the group. In a honey bee colony for example, this behavior allows honey bees to explore the environment in search of flower patches (food sources) and then indicate the food source to the other bees of the colony when they return to the hive. Such a colony is characterized by self-organization, adaptability and robustness. Chaos is understood as the complex, bounded and unstable behavior caused by a simple deterministic nonlinear system or chaotic map, such that, the generated sequences are quasi-random, irregular, ergodic, semi-stochastic and very sensible to the initial value. The use of chaotic sequences instead of pseudorandom number generators seems to be a powerful strategy for improving many traditional heuristic algorithms, and their main use is in escape of local minima points. On the basis of Artificial Bee Colony Optimization Algorithm, a new algorithm by introducing constructing dynamic penalty function and chaotic sequences was presented. Based on Matlab software, the program CABC1.0 with hybrid discrete variables for the proposed algorithm was developed. The engineering optimum examples are optimized with the proposed method. The results indicated that this algorithm had no special requirements on the characteristics of optimal designing problems, which has a fairly good universal adaptability and a reliable operation of program with a strong ability of global convergence.
Proposed scheme

Artificial bee colony unconstrained optimization algorithm
In the ABC algorithm, the colony of artificial bees contains three groups of bees: employed bees, onlookers and scouts. A bee waiting on the dance area for making decision to choose a food source, is called an onlooker and a bee going to the food source visited by itself previously is named an employed bee. A bee carrying out random search is called a scout. In the ABC algorithm, first half of the colony consists of employed artificial bees and the second half constitutes the onlookers. For every food source, there is only one employed bee. In other words, the number of employed bees is equal to the number of food sources around the hive. The employed bee whose food source is exhausted by the employed and onlooker bees becomes a scout.
The exchange of information among bees is the most important occurrence in the formation of collective knowledge. While examining the entire hive, it is possible to distinguish some parts that commonly exist in all hives. The most important part of the hive with respect to exchanging information is the dancing area. Communication among bees related to the quality of food sources occurs in the dancing area.
The related dance is called waggle dance. Since information about all the current rich sources is available to an onlooker on the dance floor, she probably could watch numerous dances and choose to employ herself at the most profitable source.
There is a greater probability of onlookers choosing more profitable sources since more information is circulating about the more profitable sources. Employed foragers share their information with a probability, which is proportional to the profitability of the food source, and the sharing of this information through waggle dancing is longer in duration.
In a real bee colony, there are some tasks performed by specialized individuals. These specialized bees try to maximize the nectar amount stored in the hive by performing efficient division of labour and self-organization. The minimal model of swarm-intelligent forage selection in a honey bee colony, that ABC algorithm adopts, consists of three kinds of bees: employed bees, onlooker bees, and scout bees. Half of the colony comprises employed bees and the other half includes the onlooker bees. Employed bees are responsible from exploiting the nectar sources explored before and giving information to the other waiting bees (onlooker bees) in the hive about the quality of the food source site which they are exploiting. Onlooker bees wait in the hive and decide a food source to exploit depending on the information shared by the employed bees. Scouts randomly search the environment in order to find a new food source depending on an internal motivation or possible external clues or randomly. Main steps of the ABC algorithm are given below:
Step 1 Initialize the food source positions
Step 2 Each employed bee produces a new food source in her food source site and exploits in the better source
Step 3 Each onlooker bee selects a source depending on the quality of her solution, produces a new food source in selected food source site and exploits the better source.
Step 4 Determine the source to be abandoned and allocate its employed bee as scout for searching new food sources.
Step 5 Memorize the best food source found so far.
Step 6 Repeat steps 2-5 until the stopping criterion is met.
In the first step of the algorithm ( 1,2, , )
, solutions are randomly produced in range of parameters where SN is the number of the food sources. In second step of the algorithm, for each employed bee, whose total number equals to the halt of the number of food sources, a new source is produced by ) ( distributed to the sources, sources are checked whether they are to be abandoned. If the number of cycles that a source cannot be improved is greater than a predetermined limit, the source is considered to be exhausted. The employed bee associated with the exhausted source becomes a scout and makes a random search in problem domain by
Chaotic artificial bee colony unconstrained optimization algorithm
Chaos is understood as the complex, bounded and unstable behavior caused by a simple deterministic nonlinear system or chaotic map, such that, the generated sequences are quasi-random, irregular, ergodic, semi-stochastic and very sensible to the initial value. The use of chaotic sequences instead of quasirandom number generators seems to be a powerful strategy for improving many traditional heuristic algorithms, and their main use is in escape of local minima points. The logistic map is a very common one-dimensional non-invertible model for generating chaotic sequences [11] .
To make use of 
Chaotic artificial bee colony constrained optimization algorithm
Considering that unconstrained problems have lots of solving methods, it is a natural thought to transform the constrained problem to unconstrained problem. The most common way is to use penalty function. Construct a kind of penalty function according to the feature of restraints and then add it to the objective function. In the solving process of unconstrained problem, this penalty strategy can assign a large objective function value to the iteration points which are against the restraints (this is a penalty to the minimization), and then a series of minimum points in unconstrained problem will infinitely close to or moving in the feasible region, till the iteration points converge to the minimum points of the former constrained problem.
The transformed unconstrained problem can be described as follows [13] .
Where, ( ) f x is the objective function, ) (t h is the penalty degree function, t is the evolvable generations, ) (x H is the penalty factor and be defined as
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on the specific problem.
Engineering process method of design variable
In CABC algorithm, the new particle after updating is continuous and must be carried on discretization. The process of integer variables is similar to the mentioned discretization of nonequidistant discrete variable, the only difference is that the value range is nonnegative integers in the specific threshold.
In optimum designing, the values of some variables are limited by the mechanical accuracy and design specification although they are theoretically continuous. If calculate them with floating-point real number or double-precision real number but process the final data with the decimal required by practice, then the final design scheme is not the optimum solution or doesn't satisfy the constrained condition. Thus, the decimal accuracy in calculation should meet the practical requests.
Based on Matlab software, the program CABC1.0 of Chaotic Artificial Bee Colony Optimization Algorithm with hybrid discrete variables for the proposed algorithm was developed with Matlab. 1 x is the gear's width ( cm ), 2 x is the number of small gear's teeth, 5
Numerical results
x and 6 x are the diameters of two gear shafts, they are integer variables. 3 x is the gear's modulus from the first series standard modulus and it's discrete variable, 4 x is continuous variable which refers to the width of gear housing, with two decimal places. If
. If the maximum iterative time is 500, let penalty degree function 1000  h . Adopting the method of we proposed, the optimum result lists in Table 1 , it is obvious that this optimum solution is much better than the current best. And it is the same as the global optimum solution in Ref. [16] . 
